Antibodies against Yersinia enterocolitica serotype 0:3 lipopolysaccharide present in sera from patients with Yersinia infection were studied by using an enzyme-linked immunosorbent assay. Of the sera with significant bacterial agglutination titers against Y. enterocolitica type 0:3, 86% contained anti-lipopolysaccharide antibodies of the immunoglobulin G class. With the sera of some patients, we demonstrated increasing anti-lipopolysaccharide antibody levels of immunoglobulin G class in spite of decreasing bacterial agglutination titers. The assay was specific for lipopolysaccharide from Y. enterocolitica type 0:3, and in inhibition experiments lipopolysaccharide could be detected in amounts of :0.5 ,lg/ ml.
Infections caused by Yersinia enterocolitica serotypes 0:3 and 0:9 are associated with a strong antibody response. Isolation of bacteria from feces is not always achieved, and consequently the diagnosis often depends on serology (1) , the antibodies being demonstrated by bacterial agglutination (21) . The antibody titers usually rise a few days after the onset of clinical symptoms and decline within 2 to 6 months, but sometimes high titers are seen for up to 2 years (1).
The symptoms caused by Yersinia infections are mainly abdominal and usually are not serious. Occasionally, however, the infection is associated with extraintestinal symptoms such as "reactive" arthritis, carditis, iritis, and erythema nodosum (2, 3) . In such complicated cases of yersiniosis, the bacterial agglutination titers tend to be high (1, 2) . A further evaluation of the immune response in Yersinia infection could thus help toward the understanding of the pathogenesis of the complications.
The enzyme-linked immunosorbent assay (ELISA) (8, 9 ) offers a sensitive and specific method for assaying various class-specific antibodies (18) . Experimentally induced antibodies against bacterial lipopolysaccharide (LPS) can be detected by ELISA (6) , and the method has been used for the demonstration of antibodies against LPS from Brucella abortus and Y. enterocolitica type 0:9 in rabbit antisera (5) . ELISA has also found clinical application in the t Present address: Department of General Microbiology, University of Helsinki, SF-00100 Helsinki 10, Finland. serological diagnosis of salmonella infections (7) .
We have used the ELISA to study the occurrence of antibodies of immunoglobulin G (IgG) class against Y. enterocolitica LPS in the sera of patients with Yersinia infection. (20) . The purity of the LPS preparation was checked by measuring the ribonucleic acid (RNA) (20) and protein (14) contents. The LPS preparation prepared in this way and used in the subsequent studies contained 15 of sera diluted 1:100 and incubating the mixture overnight at room temperature. Anti-Y. enterocolitica LPS ELISA. The ELISA was performed essentially as described earlier (5, 10). Disposable 1-ml polystyrene microcuvettes (Finnpipette, Labsystems, Helsinki, Finland) were incubated with 200Ml of LPS solution (0.1 to 10 Mg of LPS/ml of 0.05 M carbonate buffer, pH 9.6) for 3 h at 37°C. After washing with phosphate-buffered saline (pH 7.2), containing 0.05% Tween 20 (PBS-T), the cuvettes were incubated for 5 h at room temperature with 175 p1 of sera diluted in PBS-T. The cuvettes were then washed again, and 150 Ml of a sheep anti-human IgG-alkaline phosphatase conjugate (10) diluted in PBS-T was added to the cuvettes and left at room temperature overnight. The cuvettes were then washed as described above and rinsed again with distilled water before the addition of the substrate solution (1 mg of Sigma 104 phosphatase substrate; Sigma Chemical Co., St. Louis, Mo., per ml of a 1 M diethanolamine buffer, pH 9.7, containing 0.5 mM MgCl2). The enzymatic reaction was allowed to proceed for 60 min at 37°C, after which the reaction was stopped by 250 ,ll of 0.16 M NaOH. The absorbance was measured at a wavelength of 404.7 nm vertically through the cuvettes by using an automated nine-channel photometer (Finnpipette analyzer FP-9, Labsystems, Helsinki, Finland). PBS-T in LPS-coated cuvettes and sera in noncoated cuvettes were run as technical controls.
MATERIALS AND METHODS
Inhibition studies. Inhibition studies with LPS were performed by mixing equal volumes of sera diluted 1:50 and solutions containing LPS (0.001 to 100 Mlg/ml). After incubation overnight at 4°C, the sera were tested in the ELISA in a final dilution of 1:500.
Absorptions with whole bacteria were performed by using equal volumes of sera diluted 1:500 and dilutions of the bacterial suspensions. After overnight incubation and centrifugation, the supernatants were tested.
RESULTS
Initial studies using the pooled positive anti-Yersinia reference serum. To find the optimal LPS concentration, the pooled positive reference serum was tested in the ELISA after coating the cuvettes with various amounts of LPS. The amount of antibody bound, as reflected by the shape of the titration curve, was dependent on the antigen concentration used (Fig. 1) . Based on these experiments, a concentration of 1 jig of LPS per ml was chosen for coating in the subsequent studies.
Specificity of the assay. Complete inhibition of antibody binding to Y. enterocolitica type 0:3 LPS-coated cuvettes was seen after absorption of sera with Y. enterocolitica type 0: 3 bacteria, whereas no effect was seen after absorption with Y. enterocolitica type 0:9 or B.
abortus (Table 1) . Likewise, LPS extracted from Y. enterocolitica type 0:3 inhibited the antibody activity, whereas the addition of up to 0.1 mg of E. coli LPS or S. typhi LPS to the sera did not interfere with the results of the assay (Table 2) . The inhibition experiments were also used to quantitate free LPS. The sensitivity of the assay was found to be greatest when using an initial serum dilution of 1:100. In this way, 0.5 ,ug of Y. enterocolitica type 0:3 LPS per ml still caused a significant decrease of the absorbance in the ELISA (Fig. 2) .
Testing of individual sera in the anti-LPS ELISA. Representative titration curves of individual sera from patients with Yersinia infection are shown in Fig. 3 . The slopes of the individual titration curves vary, and a remarkable prozone effect was seen with many sera. To study this phenomenon, the effect of IgM antibodies on the assay was evaluated. When the isolated IgG fractions of five individual sera were assayed, no prozone was seen, and the slopes of the titration curves ran almost in parallel (Fig. 4) . The bacterial agglutination titers of the IgG fractions were 3 to 5 titer steps below the titers of the IgM fractions which corresponded to the titers of the unfractionated sera. A total of 20 sera were treated with 2-mercaptoethanol; this reduction did not affect the results obtained in the ELISA but resulted in a significant decrease in the To minimize the day-to-day variation in absorbance values (10 to 20%), results were expressed in relation to the pooled positive reference serum run simultaneously. A dilution of 1: 5,000 was chosen as standard ( Fig. 1 and 3) . When the absorbance value of the pooled reference serum was expressed as 100 ELISA units, the individual sera investigated gave results of relative binding ranging from 3 to 220 U. The 59 sera from blood donors and the 22 was obtained 2 to 4 weeks after the onset of clinical symptoms. Three characteristic types of results were obtained (Fig. 6) . In some cases, the curves for the agglutinating antibodies and the ones for the IgG anti-LPS antibodies run in parallel (Fig. 6a) . In some cases, there was an initial increase in the IgG anti-LPS antibodies when the agglutination titer already was decreasing ( Fig. 6b and c) , and in some cases this increase in anti-LPS antibodies of IgG class was very late (Fig. 6d, e, and f) . patient sera, overall a statistically significant correlation between the two methods was found to exist (correlation coefficient, 0.5; P < 0.001). by assaying a group of sera from patients with systemic lupus erythematosus which are known to contain anti-RNA antibodies (17) . These sera gave results similar to those of the normal controls, indicating that the RNA contamination did not affect the results.
The titration curves of some sera in this study exhibited a prozone. In an assay such as ELISA, antibodies of a different class present in the same serum sample may compete for the antigenic determinants (11) . Such competition, apparently prinicipally by IgM antibodies, appeared to be the probable cause of the prozone effect in this study, because no prozone was seen when isolated IgG fractions of individual sera were studied (Fig. 4) . Competition between antibodies of different classes, as well as differences in avidity, could also explain the variations in the shape of the titration curves of whole sera. Our ELISA was primarily designed to detect antibodies against LPS, but the inhibition studies indicate that the assay may be modified for the quantitation of LPS. In terms of sensitivity, such an inhibition assay cannot compete with, for instance, the Limulus amoebocyte lysate test (13) which can detect picogram quantities of LPS (22) . A modification of the anti-LPS ELISA offers, however, a method for detecting specific LPS in concentrations down to 0.5 ,ug/ml and may be useful for some purposes.
